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(54) Recording apparatus

(57) A recording apparatus including recording mod-
ules (50) each having a recording medium conveyance
path (7), the modules being identical in external shape
and disposed such that conveyor surfaces thereof are
parallel to each other and such that same-shaped por-
tions thereof align with each other in a first direction in-
tersecting the conveyor surface, wherein, in a certain
cross section orthogonal to the conveyor surface and par-
allel to the first direction, where a dimension of each mod-

ule in a second direction orthogonal to a conveyor surface
is L1 and a dimension thereof in a third direction orthog-
onal to the second direction is L2, a dimension L3, in the
second direction, of adjacent two of the modules in the
first direction is smaller than twice the dimension L1 and
a dimension L4, in the third direction, of the adjacent two
modules is smaller than twice the dimension L2 and is
larger than the dimension L2.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a recording ap-
paratus configured to record an image.

Description of Related Art

[0002] As disclosed in the following Patent Literature
1, there is known a printer (recording apparatus) having
a plurality of printing units disposed in parallel. When a
large amount of printed matter is produced, for instance,
the printing units are operated in parallel, so as to achieve
high-speed printing. In the printer, the plurality of printing
units are stacked on each other in the height direction of
the printer. Each printing unit has: a conveyance path in
which a recording sheet is conveyed; and a printing por-
tion having an ink-jet head for recording an image on the
recording sheet. The recording sheet on which an image
has been recorded is discharged to a sheet-discharge
tray.
Patent Literature: JP-A-2005-53016 (Fig. 1)

SUMMARY OF THE INVENTION

[0003] The printer described above is constituted by
the plurality of printing units that are merely stacked on
each other in the height direction of the printer. Where
the printing units are thus stacked, the height of the printer
is inevitably increased. Even if each printing unit is con-
figured to have only the printing portion for the purpose
of reducing the height of the printing unit, the height of
the printer is equal to an amount obtained by multiplying
a maximum thickness (in the height direction of the print-
er) of one printing unit (printing portion) by the number
of the printing units. Accordingly, there is a problem of
an increase in the size of the printer in the height direction.
[0004] It is therefore an object of the present invention
to provide a recording apparatus having a reduced size
even if the recording apparatus is equipped with a plu-
rality of recording modules.
[0005] The object indicated above may be attained ac-
cording to a principle of the invention, which provides a
recording apparatus comprising a plurality of recording
modules each having a conveyance path through which
a recording medium is conveyed and a recording portion
configured to record an image on the recording medium
that is conveyed along the conveyance path, wherein the
recording modules are identical in external shape, where-
in, where an imaginary plane on which the recording me-
dium is conveyed in the conveyance path is defined as
a conveyor surface and a direction which is parallel to
the conveyor surface and in which the recording medium
is conveyed in the conveyance path is defined as a con-
veyance direction, the recording modules are disposed

such that the conveyor surfaces of the respective record-
ing modules are parallel to each other and such that por-
tions of the respective recording modules align with each
other in a first direction which intersects the conveyor
surface and which includes a component of the convey-
ance direction, the portions having the same shape, and
wherein, in a certain cross section that is orthogonal to
the conveyor surface and that is parallel to the first direc-
tion, where a dimension of each recording module in a
second direction orthogonal to the conveyor surface is
L1 and a dimension of each recording module in a third
direction orthogonal to the second direction is L2, a di-
mension L3, in the second direction, of two recording
modules among the plurality of recording modules that
are adjacent in the first direction is smaller than twice the
dimension L1 and a dimension L4, in the third direction,
of the two recording modules is smaller than twice the
dimension L2 and is larger than the dimension L2.
[0006] According to the recording apparatus construct-
ed as described above, the recording modules are dis-
posed so as to be shifted relative to each other in the first
direction. Therefore, the recording modules can be dis-
posed so as to be close to each other in the second di-
rection, thereby ensuring size reduction of the recording
apparatus 1 in the second direction.
[0007] In the recording apparatus constructed as de-
scribed above, where a portion of each recording module
having the largest dimension in the second direction is
defined as a first portion and a dimension, in the second
direction, of the first portion is L5, a dimension L6, in the
second direction, between the conveyor surfaces of the
respective two recording modules may be smaller than
the dimension L5. According to the thus constructed re-
cording apparatus, it is possible to easily reduce the size
of the recording apparatus in the second direction.
[0008] The recording apparatus constructed as de-
scribed above may further comprise a connection path
that is connected to the conveyance path of each of the
recording modules for conveying the recording medium,
wherein the connection path may include an inclined path
that extends in the first direction. According to the record-
ing apparatus constructed as described above, a direc-
tion along a straight line that connects the portions of the
respective recording modules having the same shape
(i.e., a straight line parallel to the first direction) is a di-
rection in which a distance of the connection path that
connects the recording modules is the shortest. There-
fore, the length of the connection path is made shorter
where a part thereof is constituted by the inclined path,
as compared with a case in which the connection path
is constituted by a combination of only vertical and hor-
izontal paths. Further, where the connection path is thus
constituted, a vicinity of a connecting portion of the con-
nection path and each recording module is common in
shape among the recording modules. Accordingly, it is
possible to easily ensure commonality of constituent
components of the connection path and commonality of
a drive control for sheet conveyance when the sheet P

1 2 



EP 2 783 870 A1

3

5

10

15

20

25

30

35

40

45

50

55

enters and goes out of each recording module.
[0009] The recording apparatus constructed as de-
scribed above may further comprise a housing in which
the recording modules and the connection path are ac-
commodated, wherein an opposing portion of the hous-
ing may have an outer surface that extends in the first
direction, the opposing portion being a portion of the
housing that is opposed to the inclined path in the con-
veyance direction. Accordingly, it is possible to minimize
a distance (space) between the outer surface of the hous-
ing and the inclined path, thereby ensuring size reduction
of the housing.
[0010] The recording apparatus constructed as de-
scribed above may further comprise a first common tray
connected to the connection path and having a support
surface for supporting the recording medium, wherein
the recording modules may be disposed such that a shift
amount, in the conveyance direction, of one of the re-
cording modules from a connection point of the first com-
mon tray and the connection path is larger than that of
another one of the recording modules that is located near-
er to the first common tray than the one of the recording
modules in the first direction. In the thus constructed re-
cording apparatus, by shifting the recording modules in
the conveyance direction, at least a part of an increase
in the overall size of the plurality of recording modules in
the conveyance direction is contained within a range in
which the first common tray is present. Therefore, even
where the entirety of the plurality of recording modules
becomes large, the size, in the conveyance direction, of
the recording apparatus as a whole including the first
common tray does not become large, thereby allowing
size reduction in the second direction. As a result, the
recording apparatus can be downsized as a whole.
[0011] In the recording apparatus constructed as de-
scribed above, the recording modules may be located at
the same position in a fourth direction orthogonal to the
second direction and the conveyance direction. Accord-
ing to the thus constructed recording apparatus, the re-
cording medium is easily conveyed to each recording
module.
[0012] In the recording apparatus constructed as de-
scribed above, the first common tray and the recording
modules may have respective portions that are located
at the same position in the conveyance direction. Accord-
ing to the thus constructed recording apparatus, it is pos-
sible to reduce the size of the recording apparatus in the
second direction or the conveyance direction with an in-
crease in overlapping portions of all of the recording mod-
ules and the first common tray.
[0013] In the recording apparatus constructed as de-
scribed above, the first common tray may be a supply
tray for supporting the recording medium to be supplied
to the connection path. According to the thus constructed
recording apparatus, it is not necessary to set the sheets
individually into the plurality of recording modules, and a
multi-engine high-speed printer having a reduced size is
realized.

[0014] In the recording apparatus constructed as de-
scribed above, the first common tray may be a discharge
tray for supporting the recording medium conveyed from
the connection path. According to the thus constructed
recording apparatus, it is not necessary to put together
sheets that have been discharged individually from the
plurality of recording modules, and a multi-engine high-
speed printer having a reduced size is realized.
[0015] The recording apparatus constructed as de-
scribed above may further comprise a second common
tray connected to the connection path and having a sup-
port surface for supporting the recording medium, where-
in an angle formed by any continuous two path portions
in the connection path, an angle formed by the connection
path and the support surface of the second common tray,
and an angle formed by the connection path and the con-
veyance path of each of the recording modules may be
made larger than 90° and may be not larger than 180°,
such that a maximum bending angle of the recording me-
dium that is conveyed between the second common tray
and each of the recording modules is less than 90°. For
instance, in the conventional printer described in the
above Patent Literature 1, it may be possible to provide
sheet-supply units or discharged-sheet collection units
individually for respective printing units and to form an
upstream conveyance path and a downstream convey-
ance path corresponding to each printing unit such that
a recording sheet is not bent by 90° or more in each path.
In this instance, however, it is required for a user to set
recording sheets individually into the respective sheet-
supply units or to take out the printed sheets individually
from the respective discharged-sheet collection units, im-
posing inconvenience on the user. In contrast, in the re-
cording apparatus of the present invention in which the
plurality of recording modules are arranged in the first
direction and which has the second common tray that is
common to the recording modules, the bending angle of
the recording medium does not become 90° or more even
when the recording medium is conveyed into between
the second common tray and each recording module.
Therefore, a conveyance resistance of the recording me-
dium between the second common tray and each record-
ing module is made small, whereby it is possible to sup-
press an occurrence of a jam of the recording medium,
a stain and a damage of the recording medium caused
by a sliding contact with components other than guide
ribs that define the conveyance path, and an occurrence
of image quality deterioration that arises from floating of
the sheet at a recording position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other objects, features, advan-
tages and technical and industrial significance of the
present invention will be better understood by reading
the following detailed description of embodiments of the
invention, when considered in connection with the ac-
companying drawings, in which:
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Fig. 1 is a schematic side view showing an internal
structure of an ink-jet printer as a recording appara-
tus according to one embodiment of the invention;
Fig. 2 is a partially enlarged view of the printer shown
in Fig. 1;
Fig. 3 is a partially enlarged view of the printer shown
in Fig. 1;
Fig. 4 is a view showing a state in which a second
sheet-supply tray and a second sheet-discharge tray
of the printer shown in Fig. 1 are disposed at respec-
tive accommodated positions;
Fig. 5 is a plan view showing a recording unit shown
in Fig. 1;
Fig. 6 is a front view of the recording unit shown in
Fig. 1;
Fig. 7 is a side view of the recording unit shown in
Fig. 1;
Fig. 8 is a plan view showing a positional relationship
between four recording units and a first sheet-supply
tray;
Fig. 9 is a side view of two adjacent recording units
for explaining a layout thereof;
Fig. 10 is a cross-sectional view of two adjacent re-
cording units showing an external shape thereof at
a position y=y1 in Fig. 5 for explaining a layout of the
two adjacent recording units;
Fig. 11 is a cross-sectional view of the two recording
units of Fig. 10 showing an external shape thereof
at a position Δx=0 for explaining a layout of the two
recording units;
Fig. 12 is a block diagram showing an electric struc-
ture of the printer;
Fig. 13 is a schematic view of a printer according to
a first modified embodiment;
Fig. 14 is a view for explaining a layout of four re-
cording units of a printer according to a second mod-
ified embodiment;
Fig. 15 is a schematic plan view of two adjacent re-
cording units of a printer according to a third modified
embodiment;
Fig. 16 is a schematic plan view of the recording unit
shown in Fig. 15;
Fig. 17 is a cross-sectional view of the two adjacent
recording units taken along line S’-S’ in Fig. 15,
namely, a cross-sectional view showing an external
shape of the two adjacent recording units at a posi-
tion y=y2 in Fig. 16; and
Fig. 18 is a schematic side view of a printer according
to a fourth modified embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0017] There will be described embodiments of the in-
vention with reference to the drawings.
[0018] Referring first to Fig. 1, there will be explained
an overall configuration of an ink-jet printer 1 as one ex-
ample of a recording apparatus according to one embod-
iment of the invention.

[0019] The printer 1 has a housing 1a having a Z-
shaped cross section. An internal space of the housing
1a is divided into spaces A, B, and C in order from the
top of the housing 1a. In the space A, a first sheet-dis-
charge portion 4 and a downstream curved path 9 are
formed. In the space C, a first sheet-supply portion 3 and
an upstream curved path 5 are formed. In the housing
1a, a second sheet-supply tray 10 and a second sheet-
discharge tray 11 are disposed. In the space B, there are
formed an upstream conveyance path 6, four intermedi-
ate conveyance paths 7 and a downstream conveyance
path 8 that extend from the first sheet-supply portion 3
or the second sheet-supply tray 10 toward the first sheet-
discharge portion 4 or the second sheet-discharge tray
11. A sheet P1 supplied from the first sheet-supply portion
3 passes through the upstream curved path 5, the up-
stream conveyance path 6, one of the intermediate con-
veyance paths 7, the downstream conveyance path 8,
and the downstream curved path 9 and is finally dis-
charged to the first sheet-discharge portion 4. A sheet
P2 supplied from the second sheet-supply tray 10 passes
through the upstream conveyance path 6, one of the in-
termediate conveyance paths 7, and the downstream
conveyance path 8, and is finally discharged to the sec-
ond sheet-discharge tray 11. In the space B, image re-
cording is performed on the sheet P1, P2 in each inter-
mediate conveyance path 7.
[0020] In the space B, there are disposed four record-
ing units 50, a conveyor portion 20, a controller 100, and
so on. Each recording unit 50 includes a head 51 of a
serial type and the intermediate conveyance path 7. In
the space B, there are further disposed four cartridges
not shown. Each of the cartridges stores black ink. Each
cartridge is connected to a corresponding one of the
heads 51 via a tube and a pump (both of which are not
shown), and the ink in the cartridge is supplied to the
corresponding head 51. While the head 51 in the present
embodiment is a monochrome head, a color head may
be employed as the head 51. In this instance, the car-
tridges store color ink.
[0021] The conveyor portion 20 includes an upstream
guide portion 21 and a downstream guide portion 31. The
upstream guide portion 21 includes three guides 22-24,
four guides 25, three conveyance roller pairs 26, a sheet-
supply mechanism 27, and three switching mechanisms
28a-28c. The upstream guide portion 21 connects each
recording unit 50 to the first sheet-supply portion 3 and
the second sheet-supply tray 10. A conveyance motor
26M (Fig. 12) is driven under the control of the controller
100, whereby the three conveyance roller pairs 26 are
rotated so as to convey the sheets P1, P2 to the recording
units 50. The upstream conveyance path 6 is defined by
the three guides 22-24 and the four guides 25.
[0022] The downstream guide portion 31 includes
three guides 32-34, four guides 35, three conveyance
roller pairs 36, a conveyance roller pair 37, and a switch-
ing mechanism 38. The downstream guide portion 31
connects each recording unit 50 to the first sheet-dis-
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charge portion 4 and the second sheet-discharge tray
11. Conveyance motors 36M, 37M (Fig. 12) are driven
under the control of the controller 100, whereby the three
conveyance roller pairs 36 and the conveyance roller pair
37 are rotated so as to convey sheet P to the first sheet-
discharge portion 4 or the second sheet-discharge tray
11. The downstream conveyance path 8 is defined by
the three guides 32-34 and the four guides 35.
[0023] The first sheet-supply portion 3 disposed in the
space C includes a first sheet-supply tray 3a and a sheet-
supply mechanism 3b. The first sheet-supply tray (as one
example of a first common tray) 3a is attachable to and
detachable from the housing 1a in a sub scanning direc-
tion, thereby enabling a user to easily replenish the first
sheet-supply portion 3 with the sheets P1. In the first
sheet-supply tray 3a of the present embodiment, the
sheets P1 such as plain paper are accommodated, for
instance. The first sheet-supply tray 3a is a box opening
upward and has a support surface 3a1 on which a plu-
rality of sheets P1 are supported. Thus, the first sheet-
supply tray 3a is configured to accommodate a large
amount of sheets P1. In the present embodiment, the
first sheet-supply tray 3a can accommodate a larger
amount of sheets P than the second sheet-supply tray 10.
[0024] In a state in which the first sheet-supply tray 3a
is attached to the housing 1a, the first sheet-supply tray
3a partially overlaps all of the recording units 50 as
viewed from the top or the bottom of the printer in the
vertical direction (Fig. 8), namely, in a vertical-direction
view. In other words, the first sheet-supply tray 3a and
all of the recording units 50 have respective portions that
are located at the same position in the sub scanning di-
rection (sheet conveyance direction D). In the arrange-
ment, it is possible to reduce the size of the printer 1 in
the sub scanning direction with an increase in overlap-
ping portions of all of the recording units 50 and the first
sheet-supply tray 3a. When the first sheet-supply tray 3a
is attached to the housing 1a, the center, in the main
scanning direction, of the sheets P1 supported on the
support surface 3a1 is located at substantially the same
position as the center, in the main scanning direction, of
the intermediate conveyance path 7 of each recording
unit 50. Accordingly, the center, in the main scanning
direction, of the sheet P1 conveyed from the first sheet-
supply tray 3a to each recording unit 50 is easily posi-
tioned with respect to the recording unit 50 in the main
scanning direction. Therefore, it is possible to reduce a
margin (positional margin) that is allowed for the width
of the recording unit 50 in the main scanning direction
with respect to the width of the sheet P1 in the main scan-
ning direction, thereby minimizing the size of the printer
1. The sheet-supply mechanism 3b is configured to sup-
ply an uppermost one of the sheets P1 in the first sheet-
supply tray 3a to the upstream curved path 5.
[0025] The first sheet-discharge portion 4 disposed in
the space A includes a first sheet-discharge tray 4a. The
first sheet-discharge tray (as one example of the first
common tray) 4a is attachable to and detachable from

the housing 1a in the sub scanning direction. The first
sheet-discharge tray 4a is a box opening upward and
has a support surface 4a1 on which a plurality of sheets
P1 are supported. Thus, the first sheet-discharge tray 4a
is configured to accommodate a large amount of sheets
P1. In the present embodiment, the first sheet-discharge
tray 4a can accommodate a larger amount of sheets P1
than the second sheet-discharge tray 11. In a state in
which the first sheet-discharge tray 4a is attached to the
housing 1a, the first sheet-discharge tray 4a partially
overlaps all of the recording units 50 in the vertical-direc-
tion view, like the first sheet-supply tray 3a. In other
words, the first sheet-discharge tray 4a and all of the
recording units 50 have respective portions that are lo-
cated at the same position in the sub scanning direction
(sheet conveyance direction D). Accordingly, it is possi-
ble to reduce the size of the printer 1 in the sub scanning
direction with an increase in overlapping portions of all
of the recording units 50 and the first sheet-discharge
tray 4a. When the first sheet-discharge tray 4a is attached
to the housing 1a, the center, in the main scanning di-
rection, of the sheets P1 supported on the support sur-
face 4a1 is located at substantially the same position as
the center, in the main scanning direction, of the inter-
mediate conveyance path 7 of each recording unit 50.
Accordingly, the centers, in the main scanning direction,
of the sheets P1 discharged from the recording units 50
to the first sheet-discharge tray 4a are easily aligned with
one another.
[0026] Here, the sub scanning direction is a direction
parallel to the sheet conveyance direction D in which the
sheets P are conveyed by conveyance roller pairs 52-54
(which will be explained), and the main scanning direction
is a direction parallel to the horizontal plane and orthog-
onal to the sub scanning direction.
[0027] The controller 100 will be explained. The con-
troller 100 controls a recording operation on the basis of
a recording command sent from an external device such
as a personal computer (PC) connected to the printer 1.
More specifically, the controller 100 controls a convey-
ance operation of the sheet P, an ink ejection operation
that is synchronized with conveyance of the sheet P, and
so on. The controller 100 includes a Central Processing
Unit (CPU) that is an arithmetic processing unit, a Read
Only Memory (ROM), a Random Access Memory (RAM
including a non-volatile RAM), an Application Specific
Integrated Circuit (ASIC), an Interface (I/F), an Input/Out-
put Port (I/O), and so on. In the ROM, programs executed
by the CPU, fixed data, and the like are stored. In the
RAM, data (image data or the like) necessary when the
programs are executed are temporarily stored. The ASIC
performs rewriting, sorting, and the like, of image data,
such as signal processing and image processing. The
I/F performs transmission and reception of data with the
external device. The I/O performs input/output of detec-
tion signals of various sensors. As shown in Fig. 12, the
controller 100 is connected to the heads 51, carriage mo-
tors 55M, conveyance motors 26M, 36M, 37M, 52M-54M,
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sheet-supply motors 3bM, 27M, a feed motor 3bfM, a
retard motor 3brM, and switching motors 28aM-28cM,
38M.
[0028] When the controller 100 receives, from the ex-
ternal device, a recording command for performing re-
cording on a plurality of sheets P, the controller 100
drives, based on the recording command, the sheet-sup-
ply motor 3bM of the sheet-supply mechanism 3b or the
sheet-supply motor 27M of the sheet-supply mechanism
27 and the conveyance motors 26M, 36M of the convey-
ance roller pairs 26, 36, for permitting the sheets P to be
conveyed from the first sheet-supply tray 3 a or the sec-
ond sheet-supply tray 10. When the sheets P1 set in the
first sheet-supply tray 3a are conveyed, the sheet-supply
mechanism 3b is driven according to tray selection infor-
mation included in the recording command sent from the
external device, so that the sheets P1 are supplied from
the first sheet-supply tray 3a. When the sheets P2 set in
the second sheet-supply tray 10 are conveyed, the sheet-
supply mechanism 27 is driven according to tray selec-
tion information included in the recording command sent
from the external device, so that the sheets P2 are sup-
plied from the second sheet-supply tray 10. In the present
embodiment, sheets that are thin and have low resilience,
such as plain paper, are placed on the first sheet-supply
tray 3a while sheets that are thicker and have higher re-
silience than the plain paper, such as thick paper, busi-
ness cards, and postcards, are placed on the second
sheet-supply tray 10.
[0029] The controller 100 also controls the switching
motors 28aM-28cM of the respective three switching
mechanisms 28a-28c, in accordance with the recording
unit 50 by which an image is recorded on the sheet P.
That is, when image recording is performed by the up-
permost one of the recording units 50, all of three path
switching portions 28a1, 28b1, 28c1 are disposed at re-
spective block positions (that will be explained). When
image recording is performed by the second one of the
recording units 50 form the top, the path switching por-
tions 28a1, 28b1 are disposed at the respective block
positions while the path switching portion 28c1 is dis-
posed at a guide position (that will be explained). When
image recording is performed by the third one of the re-
cording units 50 form the top, the path switching portion
28a1 is disposed at the block position while the path
switching portion 28b1 is disposed at the guide position.
When image recording is performed by the fourth one of
the recording units 50 from the top, namely, the lower-
most one of the recording units 50, the path switching
portion 28a1 is disposed at the guide position.
[0030] When an image is recorded on the sheet P that
has been conveyed, the head 51 and the carriage motor
55M of a carriage 55 in a corresponding one of the re-
cording units 50 are driven and the conveyance motors
52M-54M of the respective conveyance roller pairs 52-54
(that will be explained) are also driven. Thus, an image
is recorded on the sheet P conveyed by the conveyance
roller pairs 52-54. The sheet P on which an image has

been recorded is discharged to the first sheet-discharge
portion 4 or the second sheet-discharge tray 11, depend-
ing upon from which one of the first sheet-supply tray 3a
and the second sheet-supply tray 10 the sheet P has
been supplied. That is, when the sheet P1 is supplied
from the first sheet-supply tray 3a, the controller 100 con-
trols the switching motor 38M of the switching mecha-
nism 38 such that a path switching portion 38a is dis-
posed at a first sheet-discharge position as described
below. In this instance, the controller 100 also drives the
conveyance motor 37M of the conveyance roller pair 37.
Thus, the sheet P1 which has been supplied from the
first sheet-supply tray 3a and on which an image has
been recorded is discharged to the first sheet-discharge
portion 4. When the sheet P2 is supplied from the second
sheet-supply tray 10, the controller 100 drives the switch-
ing motor 38M of the switching mechanism 38 such that
the path switching portion 38a is disposed at a second
sheet-discharge position as described below. Thus, the
sheet P2 which has been supplied from the second sheet-
supply tray 10 and on which an image has been recorded
is discharged to the second sheet-discharge tray 11.
[0031] Referring next to Fig. 2, the upstream guide por-
tion 21 of the conveyor portion 20 will be explained in
detail. The guide 22 of the upstream guide portion 21 is
formed generally in an arc extending from the sheet-sup-
ply mechanism 3b toward a lower end of the guide 23.
That is, the upstream curved path 5 is defined by the
guide 22 that connects the first sheet-supply portion 3
and the guide 23.
[0032] The upstream conveyance path (as one exam-
ple of a connection path) 6 is constituted by an upstream
first path 6a, an upstream inclined path 6b, and four up-
stream second paths 6c. The guide 23 obliquely extends
in an upper right direction in Fig. 2, namely, extends in a
direction E (as one example of a first direction), so as to
define the upstream inclined path 6b. In other words, the
upstream inclined path 6b extends in a direction that in-
tersects the intermediate conveyance path 7 of each re-
cording unit 50. The guide 23 is disposed at a position
at which the guide 23 is partially opposed to all of the
recording units 50 in the sub scanning direction. The
guide 24 extends in a direction parallel to the sub scan-
ning direction in Fig. 2 and is connected to the lower end
of the guide 23. That is, the upstream first path 6a is
defined by the guide 24 that connects the second sheet-
supply tray 10 and the guide 23, and extends in the sub
scanning direction. The guide 24 is disposed on one of
opposite sides of the guide 23 that is remote from the
recording units 50.
[0033] Each of the four guides 25 extends in the direc-
tion parallel to the sub scanning direction in Fig. 2 and
connects the guide 23 and an upstream end of a corre-
sponding one of the intermediate conveyance paths 7.
That is, each of the four upstream second paths 6c is
defined by a corresponding one of the guides 25 that
connects the guide 23 and the upstream end of the cor-
responding one of the intermediate conveyance paths 7.
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The four upstream second paths 6c extend in the sub
scanning direction. The four guides 25 are disposed so
as to be equally spaced apart from each other in the
vertical direction. The guides 25 are disposed on the oth-
er of the opposite sides of the guide 23 that is remote
from the guide 24. The uppermost one of the four guides
25 is connected to an upper end of the guide 23. The
lowermost one of the four guides 25 is connected to the
guide 23 at a position higher than the guide 24.
[0034] The guide 23 is inclined such that an angle θ1
formed by the guide 24 and the guide 23 and an angle
θ2 formed by each guide 25 and the guide 23 are the
same obtuse angle. In other words, all of the upstream
first path 6a and the four upstream second paths 6c ex-
tend in the sub scanning direction, and the upstream in-
clined path 6b is inclined to form the obtuse angle with
respect to the upstream first path 6a and the four up-
stream second paths 6c. Here, the angle θ2 is an angle
formed by: a portion of the guide 23 (the upstream in-
clined path 6b) that is located more upstream than each
guide 25; and each guide 25 (the upstream second path
6c). The angle θ1 is an angle formed by: a portion of the
guide 23 that is located more downstream than the guide
24; and the guide 24 (the upstream first path 6a).
[0035] The guide 24 (the upstream first path 6a) and
a support surface 10a of the second sheet-supply tray
10 are linearly connected, and an angle θ3 formed by the
guide 24 and the support surface 10a is 180°, as shown
in Fig. 2. Each of the guides 25 (the upstream second
path 6c) and a corresponding one of the intermediate
conveyance paths 7 are linearly connected. That is, an
angle θ4 formed by the upstream second path 6c and
the intermediate conveyance path 7 is also 180°. While
the angles 03, θ4 are 180° in the present embodiment,
each of the angles 03, θ4 may be an obtuse angle.
[0036] In the present embodiment, the angles θ1-θ4
are set so as to be larger than 90° and not larger than
180°. Accordingly, when the sheet P is conveyed from
the second sheet-supply tray 10 to each intermediate
conveyance path 7, a maximum bending angle of the
sheet P at each of angular portions (i.e., a connecting
portion of the second sheet-supply tray 10 and the up-
stream first path 6a, a connecting portion of the upstream
first path 6a and the upstream inclined path 6b, a con-
necting portion of the upstream inclined path 6b and each
upstream second path 6c, and a connecting portion of
each upstream second path 6c and each intermediate
conveyance path 7) is less than 90°. (Where an angle of
a sheet in a state in which the sheet is not bent in a
straight conveyance path is defined as 180° and a bend-
ing angle of the sheet in that state is defined as 0°, the
bending angle of the sheet is an acute angle when an
angle of the conveyance path is larger than 90° and is
not larger than 180° because the angle of the conveyance
path and the bending angle of the sheet are supplemen-
tary angles.) Further, even where the sheet P2 is con-
veyed from the second sheet-supply tray 10 to the inter-
mediate conveyance path 7, there exist, within the length

of the sheet P2, no path in which the sheet P2 is bent in
the same direction by 90° or more in total. That is, when
the sheet P2 is conveyed from the second sheet-supply
tray 10 to the lowermost recording unit 50, one sheet P2
is bent in opposite directions at each connecting portion
even where some mid portion of the one sheet P2 is
located at the connecting portion of the upstream first
path 6a and the upstream inclined path 6b at a time point
when the leading end of the one sheet P2 passes the
connecting portion of the upstream inclined path 6b and
the upstream second path 6c. Therefore, the one sheet
P2 is not bent in the same direction by 90° or more.
[0037] An angle θ5 formed by the guide 23 and the
support surface 3a1 of the first sheet-supply tray 3a is
an acute angle as shown in Fig. 2. By thus forming the
guide 23 and the first sheet-supply tray 3a, the guide 23
and the first sheet-supply tray 3a can be disposed over-
lappingly in the vertical-direction view, thereby ensuring
size reduction of the printer 1. In this respect, the sheet
P1 conveyed from the first sheet-supply tray 3a to the
upstream inclined path 6b is bent by 90° or more. How-
ever, the first sheet-supply tray 3a is for accommodating
plain paper (such as the sheet P1 that is thinner and easy
to bent as compared with thick paper). Accordingly, even
where the sheet P1 is bent by 90° or more, there is no
influence on sheet conveyance.
[0038] The three switching mechanisms 28a-28c re-
spectively have the path switching portions 28a1, 28b1,
28c1 and the switching motors 28aM, 28bM, 28cM. The
path switching portions 28a1, 28b1, 28c1 are pivotally
supported by respective pins 1a4 provided on the hous-
ing 1a. The switching motors 28aM, 28bM, 28cM are driv-
en under the control of the controller 100, whereby the
path switching portions 28a1, 28b1, 28c1 are placed se-
lectively at one of the guide position and the block posi-
tion. At the guide position, the distal end of each path
switching portion 28a1, 28b1, 28c1 is in contact with the
guide 23, as shown in Fig. 2. When the path switching
portion 28a1 is located at the guide position, a portion of
the upstream inclined path 6b up to the path switching
portion 28a1 communicates with the upstream second
path 6c that is connected to the intermediate conveyance
path 7 of the lowermost recording unit 50. When the path
switching portion 28b1 is located at the guide position, a
portion of the upstream inclined path 6b up to the path
switching portion 28b1 communicates with the upstream
second path 6c that is connected to the intermediate con-
veyance path 7 of the third recording unit 50 from the top.
When the path switching portion 28c1 is located at the
guide position, a portion of the upstream inclined path 6b
up to the path switching portion 28c1 communicates with
the upstream second path 6c that is connected to the
intermediate conveyance path 7 of the second recording
unit 50 from the top. At the block position, the distal end
of each path switching portion 28a1, 28b1, 28c1 is in
contact with the guide 25, as indicated by the dashed line
in Fig. 2. At the block position, communication between
the upstream inclined path 6b and the upstream second
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path 6c that is in contact with a corresponding one of the
path switching portions 28a1, 28b1, 28c1 is interrupted.
When all of the path switching portions 28a1, 28b1, 28c1
are located at the respective block positions, the up-
stream inclined path 6b communicates with the upstream
second path 6c that is connected to the intermediate con-
veyance path 7 of the uppermost recording unit 50.
[0039] As shown in Fig. 2, the sheet-supply mecha-
nism 27 is provided at the connecting portion of the sec-
ond sheet-supply tray 10 and the upstream first path 6a
and has a sheet-supply roller 27a, a friction plate 27b,
and the sheet-supply motor 27M (Fig. 12). The friction
plate 27b is disposed below the sheet-supply roller 27a
so as to be opposed to the sheet-supply roller 27a. The
sheet-supply roller 27a comes into contact with an upper
surface of an uppermost one of the sheets P2 supported
by the second sheet-supply tray 10. The friction plate 27b
comes into frictional and sliding contact with a lower sur-
face of the sheet P2 conveyed by the sheet-supply roller
27a. The sheet-supply roller 27a is configured to rotate
counterclockwise in Fig. 2 under the control of the con-
troller 100, so as to send the sheet P2 to the upstream
first path 6a. The friction plate 27b is preferably formed
of a member having a high frictional coefficient such as
cork or rubber.
[0040] In the above arrangement, even if an additional
sheet P2 is conveyed together with one sheet P2 such
that the additional sheet P2 is held in intimate contact
with the lower surface of the one sheet P2 when the one
sheet P2 is conveyed to the upstream first path 6a by
rotation of the sheet-supply roller 27a under the control
of the controller 100, the additional sheet P2 comes into
contact with the friction plate 27b. Accordingly, the friction
plate 27b prevents the additional sheet P2 from being
conveyed, so that only one sheet P2 (i.e., the sheet P2
that comes into contact with the sheet-supply roller 27a)
among a plurality of sheets P2 that have conveyed to-
gether is conveyed to the upstream first path 6a.
[0041] The sheet-supply mechanism 3b of the first
sheet-supply portion 3 will be explained. As shown in Fig.
2, the sheet-supply mechanism 3b includes a sheet-sup-
ply roller 3b1, a feed roller 3bf, a retard roller 3br, the
sheet-supply motor 3bM (Fig. 12), the feed motor 3bfM
(Fig. 12) and the retard motor 3brM (Fig. 12). The sheet-
supply roller 3b1 and the feed motor 3bfM are provided
in the housing 1a while the retard roller 3br is provided
in the first sheet-supply tray 3a. The sheet-supply roller
3b1 is configured to come into contact with an uppermost
one of the sheets P1 supported by the support surface
3a1 of the first sheet-supply tray 3a. The sheet-supply
roller 3b1 is connected to the sheet-supply motor 3bM
and is configured to rotate under the control of the con-
troller 100, thereby feeding the sheet P1.
[0042] The feed roller 3bf is configured to rotate clock-
wise (forward direction) in Fig. 2. To the retard roller 3br,
a torque limiter (not shown) is attached. When one sheet
P1 is nipped between the retard roller 3br and the feed
roller 3bf, the retard roller 3br rotates by rotation of the

feed roller 3bf, so that the retard roller 3br rotates coun-
terclockwise (forward direction) in Fig. 2. When a plurality
of sheets P1 are nipped between the retard roller 3br and
the feed roller 3bf, the retard roller 3br rotates clockwise
(backward direction) in Fig. 2. The feed roller 3bf and the
retard roller 3br are connected to the feed motor 3bfM
and the retard motor 3brM, respectively, and rotate under
the control of the controller 100. Accordingly, even if a
plurality of sheets P1 are sent from the sheet-supply roller
3b1 toward the feed roller 3bf, the feed roller 3bf and the
retard roller 3br cooperate with each other to separate
an uppermost one of the plurality of sheets P1 from the
rest of the sheets P1, so that the uppermost sheet P1 is
sent to the upstream curved path 5.
[0043] The rotation speed of the sheet-supply motor
27M driven by the controller 100 is lower than that of the
feed motor 3bfM, and the rotation torque is large. That
is, the sheet supply speed of the sheet P2 by the sheet-
supply mechanism 27 is lower than that of the sheet P1
by the sheet-supply mechanism 3b, thereby preventing
multiple feeding of the sheet P2 when the sheet P2 is
supplied by the sheet-supply mechanism 27. Further, the
sheet-supply torque of the sheet P2 by the sheet-supply
mechanism 27 is higher than that of the sheet P1 by the
sheet-supply mechanism 3b, thereby enabling the sheet
P2 to be supplied by the sheet-supply mechanism 27
with high reliability.
[0044] Referring next to Fig. 3, the downstream guide
portion 31 of the conveyor portion 20 will be explained in
detail. The guide 32 of the downstream guide portion 31
is formed generally in an arc extending from an upper
end of the guide 33 toward the first sheet-discharge por-
tion 4. That is, the downstream curved path 9 is defined
by the guide 32 that connects the first sheet-discharge
portion 4 and the guide 33.
[0045] The downstream conveyance path (as one ex-
ample of the connection path) 8 is constituted by four
downstream first paths 8a, a downstream inclined path
8b, and a downstream second path 8c. Each of the four
guides 35 extends in the direction parallel to the sub scan-
ning direction in Fig. 3 and connects the guide 33 and a
downstream end of a corresponding one of the interme-
diate conveyance paths 7. That is, each of the four down-
stream first paths 8a is defined by a corresponding one
of the guides 35 that connects the guide 33 and the down-
stream end of the corresponding one of the intermediate
conveyance paths 7, and extends in the sub scanning
direction. Like the guides 25, the four guides 35 are dis-
posed so as to be spaced from each other in the vertical
direction and are disposed on one of opposite sides of
the guide 33 that is remote from the guide 34. The up-
permost one of the four guides 35 is connected to an
upper end of the guide 33. The lowermost one of the four
guides 35 is connected to a lower end of the guide 33.
[0046] The guide 33 obliquely extends in an upper right
direction in Fig. 3, namely, extends in the direction E (the
first direction), so as to define the downstream inclined
path 8b. In other words, like the upstream inclined path
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6b, the downstream inclined path 8b extends in the di-
rection that intersects the intermediate conveyance path
7 of each recording unit 50. The guide 33 is disposed at
a position at which the guide 33 is partially opposed to
all of the recording units 50 in the sub scanning direction.
The guide 34 extends in the direction parallel to the sub
scanning direction in Fig. 4 and is connected to the guide
33. That is, the downstream second path 8c is defined
by the guide 34 that connects the second sheet-dis-
charge tray 11 and the guide 33, and extends in the sub
scanning direction. The guide 34 is disposed on the other
of the opposite sides of the guide 33 that is remote from
the recording units 50.
[0047] The guide 33 is inclined such that an angle θ6
formed by the guide 34 and the guide 33 and an angle
θ7 formed by each guide 35 and the guide 33 are the
same obtuse angle. In other words, all of the downstream
second path 8c and the four downstream first paths 8a
extend in the sub scanning direction, and the down-
stream inclined path 8b is inclined to form the obtuse
angle with respect to the downstream second path 8c
and the four downstream first paths 8a. Here, the angle
θ7 is an angle formed by: a portion of the guide 33 (the
downstream inclined path 8b) that is located more down-
stream than each guide 35; and each guide 35 (the down-
stream first path 8a). The angle θ6 formed by the guide
34 (the downstream second path 8c) and the guide 33
(the downstream inclined path 8b) is an angle formed by
a portion of the guide 33 that is located more upstream
than the guide 34; and the guide 34.
[0048] The guide 34 (the downstream second path 8c)
and a support surface 11a of the second sheet-discharge
tray 11 are linearly connected, and an angle θ8 formed
by the guide 34 and the support surface 11a is 180°, as
shown in Fig. 3. Each of the guides 35 (the downstream
first path 8a) and a corresponding one of the intermediate
conveyance paths 7 are linearly connected. That is, an
angle θ9 formed by the downstream first path 8a and the
intermediate conveyance path 7 is also 180°. While the
angles 08, θ9 are 180° in the present embodiment, each
of the angles θ8, θ9 may be an obtuse angle.
[0049] In the present embodiment, the angles 06-09
are set so as to be larger than 90° and not larger than
180°. Accordingly, when the sheet P is conveyed from
the intermediate conveyance path 7 to the second sheet-
discharge tray 11, a maximum bending angle of the sheet
P at each of angular portions (i.e., a connecting portion
of each intermediate conveyance path 7 and each down-
stream first path 8a, a connecting portion of each down-
stream first path 8a and the downstream inclined path
8b, a connecting portion of the downstream inclined path
8b and the downstream second path 8c, and a connecting
portion of the downstream second path 8c and the sec-
ond sheet-discharge tray 11) is less than 90°, as in the
instance explained above. Further, even where the sheet
P2 is conveyed from the intermediate conveyance path
7 to the second sheet-discharge tray 11, there exist, with-
in the length of the sheet P2, no path in which the sheet

P2 is bent in the same direction by 90° or more in total.
That is, when the sheet P2 is conveyed from the inter-
mediate conveyance path 7 of the lowermost recording
unit 50 to the second sheet-discharge tray 11, one sheet
P2 is bent in opposite directions at each connection por-
tion even where some mid portion of the sheet P2 is lo-
cated at the connecting portion of the downstream first
path 8a and the downstream inclined path 8b at a time
point when the leading end of the one sheet P2 passes
the connecting portion of the downstream inclined path
8b and the downstream second path 8c. Therefore, the
one sheet P2 is not bent in the same direction by 90° or
more.
[0050] An angle θ10 formed by the guide 33 and the
support surface 4a1 of the first sheet-discharge tray 4a
is an acute angle, as shown in Fig. 3. By thus forming
the guide 33 and the first sheet-discharge tray 4a, the
guide 33 and the first sheet-discharge tray 4a can be
disposed overlappingly in the vertical-direction view,
thereby ensuring size reduction the printer 1. In this re-
spect, the sheet P1 discharged from the downstream in-
clined path 8b to the first sheet-discharge tray 4a is bent
by 90° or more. However, the sheet P1 accommodated
in the first sheet-discharge tray 4a is plain paper (such
as the sheet P1 that is thinner and easy to be bent as
compared with thick paper). Accordingly, even where the
sheet P1 is bent by 90° or more, there is no influence on
sheet conveyance.
[0051] The switching mechanism 38 has the path
switching portion 38a and the switching motor 38M (Fig.
12) configured to pivot the path switching portion 38a.
The path switching portion 38a is pivotally supported by
a pin 1a7 provided on the housing 1a. The switching mo-
tor 38M is driven under the control of the controller 100,
whereby the path switching portion 38a is placed selec-
tively at one of a first sheet-discharge position and a sec-
ond sheet-discharge position. At the first sheet-discharge
position, the distal end of the path switching portion 38a
is in contact with the guide 34, as shown in Fig. 3. When
the path switching portion 38a is located at the first sheet-
discharge position, the downstream inclined path 8b and
the downstream second path 8c are prevented from com-
municating with each other while the downstream in-
clined path 8b and the downstream curved path 9 are
brought into communication with each other. According-
ly, when the sheet P1 is supplied from the first sheet-
supply tray 3a, the switching motor 38M is driven under
the control of the controller 100 so as to place the path
switching portion 38a at the first sheet-discharge posi-
tion. At the second sheet-discharge position, the distal
end of the path switching portion 38a is in contact with
the guide 32, as shown in the dashed line in Fig. 3. When
the path switching portion 38ab is located at the second
sheet-discharge position, the downstream inclined path
8b and the downstream curved path 9 are prevented from
communicating with each other while the downstream
inclined path 8b and the downstream second path 8c are
brought into communication with each other. According-
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ly, when the sheet P2 is supplied from the second sheet-
supply tray 10, the switching motor 38M is driven under
the control of the controller 100, so as to place the path
switching portion 38a at the second sheet-discharge po-
sition.
[0052] As shown in Figs. 2 and 3, the housing 1a has
an upstream cover 1a1 and a downstream cover 1a5.
The upstream cover 1a1 is provided at an opposing por-
tion of the housing 1a that is opposed to the guide 23 in
the sub scanning direction (the sheet conveyance direc-
tion D). The upstream cover 1a1 is supported by a pin
1a2 provided on the housing 1a, so as to be pivotable
relative to the housing 1a. The upstream cover 1a1 is
configured to be placed selectively at one of a closed
position shown in Fig. 2 and an open position indicated
by the long dashed double-short dashed line in Fig. 1,
by a user’s operation. To the upstream cover 1a1, a por-
tion (the upper portion in Fig. 2) of the guide 24 and a
portion (the left-side portion in Fig. 2) of the guide 23 are
fixed. At the closed position, the upstream first path 6a
and the upstream inclined path 6b are defined by the
guides 23, 24. In this instance, an outer surface 1a1a of
the upstream cover 1a1 extends in the same direction
as an extension direction E (the above-indicated direction
E) of the upstream inclined path 6b. Accordingly, it is
possible to minimize a distance (space) between the out-
er surface 1a1a of the housing 1a and the upstream in-
clined path 6b, thereby ensuring size reduction of the
housing 1a. At the open position, the upstream first path
6a and the upstream inclined path 6b defined by the
guides 23, 24 are exposed to the exterior, thereby facil-
itating removal of the sheet P jammed in the upstream
conveyance path 6.
[0053] The downstream cover 1a5 is provided at an
opposing portion of the housing 1a that is opposed to the
guide 33 in the sub scanning direction (the sheet con-
veyance direction D). The downstream cover 1a5 is sup-
ported by a pin 1a6 provided on the housing 1a, so as to
be pivotable relative to the housing 1a. The downstream
cover 1 a5 is configured to be placed selectively at one
of a closed position shown in Fig. 3 and an open position
indicated by the long dashed double-short dashed line
in Fig. 1, by a user’s operation. To the downstream cover
1a5, a portion of the guide 34 (the lower portion in Fig.
3) and a portion of the guide 33 (the right-side portion in
Fig. 3) are fixed. At the closed position, the downstream
inclined path 8b and the downstream second path 8c are
defined by the guides 33, 34. In this instance, an outer
surface 1a1b of the downstream cover 1a5 extends in
the same direction as an extension direction E (the
above-indicated direction E) of the downstream inclined
path 8b. Accordingly, it is possible to minimize a distance
(space) between the outer surface 1a1b of the housing
1a and the downstream inclined path 8b, thereby ensur-
ing size reduction of the housing 1a. At the open position,
the downstream inclined path 8b and the downstream
second path 8c defined by the guides 33, 34 are exposed
to the exterior, thereby facilitating removal of the sheet

P1 jammed in the downstream conveyance path 8.
[0054] As shown in Fig. 1, the second sheet-supply
tray 10 (as one example of a second common tray) is a
plate-like member having the support surface 10a for
supporting the sheet P2. The second sheet-supply tray
10 is supported by a pin 1a8 provided on the housing 1a,
so as to pivotable relative to the housing 1a. The second
sheet-supply tray 10 is configured to be placed selective-
ly at one of a sheet-supply position shown in Fig. 1 and
an accommodated position shown in Fig. 4, by a user’s
operation. At the sheet-supply position, the support sur-
face 10a is substantially parallel to the sub scanning di-
rection, as shown in Fig. 1, so that the sheet P2 can be
placed on the support surface 10a of the second sheet-
supply tray 10. At the accommodated position, the sup-
port surface 10a is parallel to the outer surface 1a1a in
a state in which the support surface 10a is opposed to
the outer surface 1a1a, namely in a state in which the
support surface 10a faces inward, as shown in Fig. 4.
Thus, the second sheet-supply tray 10 can be folded,
thereby ensuring size reduction of the printer 1.
[0055] As shown in Fig. 1, the second sheet-discharge
tray 11 (as one example of the second common tray) is
also a plate-like member having the support surface 11
a for supporting the sheet P2. The second sheet-dis-
charge tray 11 is supported by a pin 1a9 provided on the
housing 1a, so as to pivotable relative to the housing 1a.
The second sheet-discharge tray 11 is configured to be
placed selectively at one of a sheet-discharge position
shown in Fig. 1 and an accommodated position shown
in Fig. 4, by a user’s operation. At the sheet-discharge
position, the support surface 11a is substantially parallel
to the sub scanning direction, as shown in Fig. 1, so that
the discharged sheet P2 can be supported on the support
surface 11a. At the accommodated position, the support
surface 11a is parallel to the outer surface 1a1b in a state
in which the second sheet-discharge tray 11 is opposed
to the outer surface 1a1b, as shown in Fig. 4. Thus, the
second sheet-discharge tray 11 can be folded, thereby
ensuring size reduction of the printer 1.
[0056] Referring next to Figs. 5-7, the four recording
units 50 will be explained. Because the four recording
units 50 are identical with each other in construction, an
explanation is made focusing on one recording unit 50.
The recording unit 50 has the head 51, the three convey-
ance roller pairs 52-54, a platen 57, the carriage 55, a
pair of flanges 56, and a moving mechanism 60. The
head 51 has a generally rectangular parallelepiped
shape and its upper surface is supported by the carriage
55. The head 51 has a lower surface functioning as an
ejection surface 51a in which a multiplicity of ejection
openings are open. When a recording operation is per-
formed, black ink is ejected from the ejection surface 51a.
The head 51 is supported by the housing 1a via the car-
riage 55 and the moving mechanism 60. A predetermined
spacing suitable for recording is formed between the
ejection surface 51 a and the platen 57.
[0057] As shown in Figs. 5 and 7, the flanges 56 extend
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in parallel with each other and are spaced apart from
each other with a predetermined spacing therebetween.
The flanges 56 support the platen 57. Further, the flanges
56 rotatably support the conveyance roller pairs 52-54.
The platen 57 is disposed at a position at which the platen
57 is opposed to the ejection surface 51a of the head 51.
The platen 57 has a flat conveyor surface 57a. The platen
57 is configured to support the sheet P from below and
cooperates with the ejection surface 51a to define ther-
ebetween a recording region (a part of the intermediate
conveyance path 7). The three conveyance roller pairs
52-54 are disposed in parallel with one another and con-
figured to convey the sheet P in a direction orthogonal
to the roller pairs. The direction in which the sheet P is
conveyed is the sheet conveyance direction D (the sub
scanning direction). The conveyance roller pair 52 is dis-
posed upstream of the platen 57. The conveyance roller
pairs 53, 54 are disposed downstream of the platen 57.
An upper one of the rollers of each conveyance roller pair
53, 54 is a spur roller having a plurality of spurs, as shown
in Fig. 5. In the arrangement, an image formed on the
sheet P is not likely disturbed by the conveyance roller
pairs 53, 54. The conveyance motors 52M-54M (Fig. 12)
are driven under the control of the controller 100, whereby
the three conveyance roller pairs 52-54 rotate so as to
convey the sheet P along the sheet conveyance direction
D. The intermediate conveyance path 7 is defined by a
gap between the rollers of each conveyance roller pair
52-54 and the spacing between the ejection surface 51a
of the head 51 and the platen 57. In the present embod-
iment, the intermediate conveyance path 7 extends in
parallel to the sub scanning direction. It is noted that the
intermediate conveyance path 7 may be partially curved.
That is, the intermediate conveyance paths 7 of the re-
spective four recording units 50 may be at least partially
parallel to one another, namely, the intermediate con-
veyance paths 7 may be disposed such that at least re-
cording regions of the respective four recording units 50
are parallel to one another.
[0058] The moving mechanism 60 includes a pair of
guides 61, 62, two pulleys 63, 64, a belt 65, and the car-
riage motor 55M. As shown in Figs. 5 and 7, the guides
61, 62 have a rectangular shape in plan view and are
disposed so as to be spaced apart from each other in the
sub scanning direction with the upper portion of the head
51 sandwiched therebetween. The guides 61, 62 support
opposite ends of the carriage 55 in the sub scanning di-
rection such that the carriage 55 is slidable in the main
scanning direction. The two pulleys 63, 64 are rotatably
supported by opposite ends of the guide 62 in the main
scanning direction. The pulleys 63, 64 have the same
diameter and are disposed at the same position with re-
spect to the sub scanning direction. The belt 65 is an
endless belt looped over the two pulleys 63, 64 and is
configured to move by rotation of the pulley 63. A part of
the belt 65 is attached to the carriage 55. The carriage
motor 55M is fixed to a lower surface of the guide 62.
The carriage motor 55M has a cylindrical shape that is

long in the vertical direction. The pulley 63 is attached to
a rotation shaft of the carriage motor 55M.
[0059] In the structure described above, the carriage
motor 55M is driven under the control of the controller
100 such that the pulley 63 is rotated in forward and re-
verse directions, whereby the head 51 is reciprocatingly
moved in the main scanning direction, together with the
carriage 55. In the reciprocating movement of the head
51, the controller 100 controls the head 51 to eject ink
from the ejection surface 51a at desired timing, so that
an image is recorded on the conveyed sheet P. The head
51, the carriage 55, and the moving mechanism 60 con-
stitute one example of a recording portion configured to
record an image on the sheet P. The pulley 64 is a driven
pulley configured to rotate by the movement of the belt 65.
[0060] The four recording units 50 have substantially
the same external shape. As described below, in some
cases, there are attached, to some of the recording por-
tions, components that other recording portions do not
have or components different in shape from components
in other recording portions. However, in the present in-
vention, even if the recording portions have different ex-
ternal shapes, common portions in the recording portions
and a portion that is enclosed by the common portions
and that does not influence the external shape are re-
ferred to as a recording module according to the present
invention. Each recording unit having a different external
shape is treated as the recoding unit 50 constituted by
the recording module and another component attached
thereto. Accordingly, the recording modules may be re-
garded to have the same external shape. The recording
module in the present invention preferably has at least
components that contribute to image recording, such as
the head 51 and the carriage motor 55M for the carriage
55. Where the four recording units 50 are identical in
structure and external shape, it is possible to regard that
one recording module and one recording unit 50 are
equivalent to each other. Where one recording module
and one recording unit 50 are equivalent to each other
and the printer has a function of performing image re-
cording only by the recording modules, it is possible to
realize the present invention by applying, to the present
printer, a plurality of recording modules used in other
printers, thereby reducing the cost of the recording mod-
ules.
[0061] The recording units 50 are identical in shape
and have respective portions having mutually the same
shape (each of which is hereinafter referred to as "same-
shaped portion" where appropriate). In the present in-
vention, an arrangement direction (the first direction) is
defined as a direction along a straight line that connects
the same-shaped portions of any adjacent two recording
units 50. In other words, at a position to which one re-
cording unit 50 is three-dimensionally translated in the
direction E, another recording unit 50 adjacent to the one
recording unit 50 is located. There are three pairs of ad-
jacent two recording units 50 in the four recording units
50, and the arrangement direction can be defined for
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each of the three pairs. The arrangement direction may
differ in each of the three pairs. In the present embodi-
ment, however, the arrangement direction in each three
pair is identical to the above-indicated direction E, in other
words, the same-shaped portions of the four recording
units 50 align with one another along the straight line, for
the sake of convenience.
[0062] The arrangement direction of each of the four
recording units 50 is identical to the extension direction
E of the upstream and downstream inclined paths 6b,
8b, as shown in Fig. 1. That is, the four recording units
50 are disposed such that shift amounts of the respective
four recording units 50 in the sheet conveyance direction
D from a connection point of the first sheet-supply tray
3a and the upstream conveyance path 6 increase with
an increase in a distance between each recording unit
50 and the first sheet-supply tray 3a in a direction away
from the first sheet-supply tray 3a toward above. More
specifically, the shift amount of one recording unit 50 from
the connection point in the sheet conveyance direction
D is larger than that of another recording unit 50 that is
located nearer to the first sheet-supply tray 3a than the
one recording unit 50. In other words, the four recording
units 50 are disposed such that the shift amounts of the
respective four recording units 50 in a direction parallel
to the sheet conveyance direction D from a connection
point of the first sheet-discharge tray 4a and the down-
stream conveyance path 8 increase with an increase in
a distance between each recording unit 50 and the first
sheet-discharge tray 4a in a direction away from the first
sheet-discharge tray 4a toward below. According to the
arrangement, by shifting the recording units 50 in the
sheet conveyance direction D, at least a part of an in-
crease in the overall size of the plurality of recording units
50 in the sheet conveyance direction D is contained within
a range in which the first sheet-supply tray 3a or the first
sheet-discharge tray 4a is present. Therefore, even
where the entirety of the plurality of recording units 50
becomes large, the size, in the sheet conveyance direc-
tion D, of the printer 1 as a whole including the first sheet-
supply tray 3a or the first sheet-discharge tray 4a does
not become large and the size of the printer 1 in the ver-
tical direction is reduced. As a result, the printer 1 can
be downsized. Further, the four recording units 50 are
located at the same position with respect to the main
scanning direction, as shown in Fig. 8. In other words, a
component of the direction E in a direction parallel to the
conveyor surface 57a (referred to as "direction x") is the
same as the sheet conveyance direction D. The direction
x is a direction of orthogonal projection of the direction E
onto the conveyor surface, and it may be considered that
the direction x coincides with the sheet conveyance di-
rection D in the present embodiment. Because the four
recording units 50 are regularly arranged, a layout of two
recording units 50 adjacent to each other in the direction
E will be explained with reference to Figs. 9-11.
[0063] As shown in Fig. 9, an upper one of the two
recording units 50 and a lower one of the two recording

units 50 are disposed such that the conveyor surfaces
57a of the respective platens 57 are parallel to each other.
In other words, the two recording units 50 are disposed
such that the intermediate conveyance paths 7 (indicated
by the long dashed double-short dashed line in Fig. 9) in
the respective two recording units 50 are parallel to each
other. Here, each intermediate conveyance path 7 is a
path which is located on one plane that is parallel to and
the same as the conveyor surface 57a and which is in-
dicated by an imaginary plane for supporting the sheet P.
[0064] Fig. 10 is a certain cross-sectional view of the
recording units 50 in a plane which passes the center of
each carriage motor 55M and which is orthogonal to the
conveyor surfaces 57a and is parallel to the direction E.
More specifically, Fig. 10 is a cross-sectional view at a
position y=y1 in Fig. 5. The two recording units 50 are
disposed such that a dimension (size) L3 of the two re-
cording units 50 in the vertical direction is smaller than a
sum of dimensions (size) L1 of the respective two record-
ing units 50 in the vertical direction and such that a di-
mension (size) L4 of the two recording units 50 in the
direction x orthogonal to the vertical direction is smaller
than a sum of dimensions (sizes) L2 of the respective
two recording units 50 in the direction x. Further, the two
recording units 50 are disposed such that the dimension
L4 is larger than the dimension L2. In this respect, while
an infinite number of such cross sections are present in
the main scanning direction and the dimensions L1-L4
described above are defined for individual cross sections,
it is only required that at least one cross section in which
the relation described above is established be present
among the cross sections. Where each recording module
has at least one such cross section described above, the
overall size of the plurality of recording units 50 in the
vertical direction becomes smaller when arranged as de-
scribed above. Because the direction E is orthogonal to
the main scanning direction in the present embodiment,
the direction x that is a direction of projection of the di-
rection E onto the conveyor surface coincides with the
sheet conveyance direction D. This direction x is a third
direction in the present invention.
[0065] In the present embodiment, the upper recording
unit 50 is shifted from the lower recording unit 50 in the
direction x, namely, in the sheet conveyance direction D,
by a predetermined amount Δx and is disposed adjacent
to the lower recording unit 50 in the vertical direction.
More specifically, the carriage motor 55M of the upper
recording unit 50 is disposed at a position that overlaps
an imaginary region F shown in Fig. 5 in the vertical-
direction view. This imaginary region F is located in space
in which no constituent elements of the lower recording
unit 50 are provided. The imaginary region F overlaps
the conveyance roller pair 54 of the lower recording unit
50 as viewed in the main scanning direction and overlaps
the carriage motor 55M of the lower recording unit 50 as
viewed in the sub scanning direction. By overlapping the
imaginary region F of the recording unit 50 and the car-
riage motor 55M of the upper recording unit 50 in the

21 22 



EP 2 783 870 A1

13

5

10

15

20

25

30

35

40

45

50

55

vertical-direction view, the two recording units 50 can be
disposed close to each other in the vertical direction. Ac-
cordingly, as shown in Fig. 10, in the cross-section that
passes the carriage motors 55M, there are satisfied the
conditions that the dimension L3 is smaller than twice
the dimension L1, the dimension L4 is smaller than twice
the dimension L2, and the dimension L4 is larger than
the dimension L2.
[0066] Each recording unit 50 has the longest portion
(the largest portion) that has the longest (the largest) di-
mension therein in the vertical direction. The longest por-
tion (as one example of a first portion) is constituted by
the carriage motor 55M, the guide 62, and the pulley 63
in the present embodiment. As shown in Fig. 9, the two
recording units 50 are disposed such that a dimension
(distance) L6 between the conveyor surfaces 57a of the
respective two recording units 50 in the vertical direction
is smaller than a dimension (size) L5 of the longest por-
tion of one recording unit 50 in the vertical direction. Ac-
cordingly, even if each recording unit 50 has the longest
portion, it is possible to easily reduce the size of the printer
1 in the vertical direction.
[0067] There will be explained in more detail such a
layout and conditions satisfied by a shape of the record-
ing module that enables such a layout. As shown in Fig.
10, in a three-dimensional coordinate system, an axis
extending in the direction x is defined as an x-axis, an
axis extending in a direction orthogonal to the x-axis in
the conveyor surface 57a is defined as a y-axis, the left
end of the recording unit 50 is defined as x=0, and the
right end of the recording unit 50 is defined as x=L4. Here,
the direction x is a direction of projection of the direction
E (that is the arrangement direction of the recording units)
onto the intermediate conveyance path 7 of the lower
recording unit 50, namely, onto the imaginary plane that
is located on one plane parallel to and the same as the
conveyor surface 57a. Where the thickness of an upper
portion located higher than the intermediate conveyance
path 7 is defined as f(x, y) and the thickness of a lower
portion located lower than the intermediate conveyance
path 7 is defined as g(x, y), the thickness f and the thick-
ness g can be expressed as a function of the position x
and the position y. Fig. 10 shows a cross section when
y=y1. Where f<0 is established when the upper surface
of the recording unit 50 is located at a height level lower
than the intermediate conveyance path 7, g<0 is estab-
lished when the lower surface of the recording unit 50 is
located at a height level higher than the intermediate con-
veyance path 7, and f=g=0 is established at a position
where the recording unit 50 is not present, it is possible
to define the values f, g over the entire region of x, y. The
upper recording unit 50 in this instance is shifted in the
direction x by the predetermined amount Δx. Accordingly,
in the upper recording unit 50, the thickness of the upper
portion located higher than the intermediate conveyance
path 7 is expressed as f(x-Δx, y1) while the thickness of
the lower portion located lower than the intermediate con-
veyance path 7 is expressed as g(x-Δx, y1). Further, at

a position at which the thickness of the recording unit 50
is maximum, x=x1 is established. This position corre-
sponds to the first portion in the present embodiment.
[0068] Fig. 11 shows a cross section at a position y=y1
when Δx=0. In this instance, adjacent recording units 50
contact each other at a position x=x1. Therefore, it is
impossible to bring the recording units 50 close to each
other beyond a maximum dimension (thickness), at this
position, L5=f(x1, y1)+g(x1, y1). In other words, the dis-
tance L6 between the conveyor surfaces 57a of the re-
spective adjacent two recording units 50 is limited to L6
^ L5 when Δx=0.
[0069] Here, where the upper recording unit 50 is shift-
ed in the direction of the x-axis (hereinafter referred to
as "x-axis direction" where appropriate) in a range of
0<Δx<L4, the distance L6 between the conveyor surfaces
57a of the respective adjacent two recording units 50 is
limited to a value not smaller than a minimum value of
f(x, y1)+g(x-Δx, y1). Where the recording unit 50 has a
shape in which there exists, in the entire region of x, Δx
that satisfies f(x, y1)+g(x-Δx, yl)<L5, the two recording
units 50 can be disposed so as to satisfy L6<L5, by shift-
ing the upper recording unit 50 by Δx in the x-axis direc-
tion, i.e., in the conveyance direction in the present em-
bodiment. Such Δx is not necessarily present in the re-
cording module in any shape. However, when the record-
ing module has a shape in which f(x, y) or g(x, y) is not
constant, such Δx is present in most cases. Further, the
shape of the recording module in which such Δx is present
is considered in numerous numbers other than the shape
shown in Fig. 10.
[0070] As shown in Fig. 11, there is defined, as a di-
mension (size) L7, an entire dimension of the two record-
ing units 50 in the vertical direction in a cross section at
a position y=y1 when the upper recording unit 50 is dis-
posed at the same position as the lower recording unit
50 on the imaginary plane parallel to the conveyor surface
57a and the two recording units 50 are disposed at a
position at which the two recording units 50 are in contact
with each other in the vertical direction, namely, at a po-
sition at which the lower end (the carriage motor 55M) of
the upper recording unit 50 is in contact with the upper
end of the lower recording unit 50. (At this position, y=y1
is established, and Fig. 11 is a view in a cross section at
a position y=y1.). In this case, the dimension L3 (Fig. 10)
of the two recording units 50 in the present embodiment
is smaller than the dimension L7. That is, the following
relationship is established: L3=L6+(a maximum value of
f(x, y1))+(a maximum value of g(x, yl))=L6+L1, and L7=(a
maximum value of f(x, y))+L5+(a maximum value of g(x,
yl))=L5+L1. Therefore, it is to be understood that L3<L7
is established when L6<L5 is established. In other words,
to bring the distance between the conveyor surfaces 57a
close to a value not larger than the thickness of the max-
imum thickness portion of the recording unit 50 by shifting
the recording unit 50 in the direction parallel to the con-
veyor surface 57a is synonymous with to decrease the
entire thickness of the two recording units 50 by shifting
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the recording unit 50 in the direction parallel to the con-
veyor surface 57a, as compared with a case in which the
recording unit 50 is not shifted. In this respect, the dimen-
sion L7 is also defined for individual cross sections.
Where each recording unit 50 has at least one cross sec-
tion that satisfies the above relationship among the cross
sections, the entire dimension of the plurality of recording
units 50 in the vertical direction is made small when the
recording units 50 are disposed as described above.
Each of the dimensions L6, L5 is defined in any cross
section.
[0071] As described above, in the printer 1 of the
present embodiment, any two recording units 50 that are
adjacent to each other in the direction E are disposed
such that the dimension L3 is smaller than twice the di-
mension L1, the dimension L4 is smaller than twice the
dimension L2, and the dimension L4 is larger than the
dimension L2. According to the arrangement, the plurality
of recording units 50 are disposed so as to be shifted
relative to each other in the sheet conveyance direction
D. Therefore, the recording units 50 can be disposed so
as to be close to each other in the vertical direction, there-
by ensuring size reduction of the printer 1 in the vertical
direction.
[0072] The dimension L3 of the entirety of the two re-
cording units 50 is smaller than the dimension L7, where-
by it is possible to easily reduce the size of the printer 1
in the vertical direction, as compared with a case in which
the plurality of recordings units 50 are arranged in the
vertical direction.
[0073] The four recording units 50b are disposed at
the same position with respect to the main scanning di-
rection. Accordingly, it is possible to reduce a margin
(positional margin) that is allowed for the width of the
recording unit 50 in the main scanning direction with re-
spect to the width of the sheet P1 in the main scanning
direction, as compared with a case in which the recording
units 50 are shifted relative to each other in the main
scanning direction. Therefore, the size of the printer 1
can be minimized. Further, because the four recording
units 50b are disposed at the same position with respect
to the main scanning direction, the sheet P can be easily
conveyed to each recording unit 50.
[0074] The upstream conveyance path 6 includes the
upstream inclined path 6b, and the downstream convey-
ance path 8 includes the downstream inclined path 8b.
Accordingly, a direction along the straight line that con-
nects the same-shaped portions of the respective record-
ing units 50 (i.e., a straight line parallel to the direction
E) is a direction in which a length of a conveyance path
(the upstream conveyance path 6 or the downstream
conveyance path 8) that connects the recording units 50
is the shortest. Therefore, the length of the upstream con-
veyance path 6 is made shorter where a part of the up-
stream conveyance path 6 is constituted by the upstream
inclined path 6b and the length of the downstream con-
veyance path 8 is made shorter where a part of the down-
stream conveyance path 8 is constituted by the down-

stream inclined path 8b, as compared with a case in
which each of the upstream and downstream convey-
ance paths 6, 8 is constituted by a combination of only
vertical and horizontal paths. Further, where the up-
stream and downstream conveyance paths 6, 8 are thus
constituted, a vicinity of a connecting portion of the up-
stream conveyance path 6 and each recording unit 50
and a vicinity of a connecting portion of the downstream
conveyance path 8 and each recording unit 50 are com-
mon in shape among the recording units 50. Accordingly,
it is possible to easily ensure commonality of constituent
components in the upstream conveyance path 6, com-
monality of constituent components in the downstream
conveyance path 8, and commonality of a drive control
for sheet conveyance when the sheet P enters and goes
out of each recording unit 50.
[0075] The present printer 1 has the first sheet-supply
tray 3a as a common sheet-supply tray that is common
to the recording units 50 and that is connected to the
upstream conveyance path 6. Accordingly, it is not nec-
essary to set the sheets P individually into the four re-
cording units 50, and a multi-engine high-speed printer
having a reduced size is realized. Further, the first sheet-
supply tray 3a is capable of supporting a larger amount
of sheets than the second sheet-supply tray 10. The us-
er’s convenience is enhanced by accommodating a large
amount of plain paper that may be bent (ordinary record-
ing media) in the first sheet-supply tray 3a. Further, the
printer 1 has the first sheet-discharge tray 4a as a com-
mon sheet-discharge tray that is common to the record-
ing units 50 and that is connected to the downstream
conveyance path 8. Accordingly, it is not necessary to
put together the sheets P1 that have been discharged
individually from the four recording units 50, and a multi-
engine high-speed printer having a reduced size is real-
ized.
[0076] For instance, in the conventional printer de-
scribed in the above Patent Literature 1, it may be pos-
sible to provide sheet-supply units and discharged-sheet
collection units individually for respective printing units
and to form an upstream conveyance path and a down-
stream conveyance path corresponding to each printing
unit such that a recording sheet is not bent by 90° or more
in each path. In this instance, however, it is required for
the user to set recording sheets individually into the re-
spective sheet-supply units and to take out the printed
sheets individually from the respective discharged-sheet
collection units, imposing inconvenience on the user. In
contrast, in the present printer 1 in which the four record-
ing units 50 are arranged in the direction E and which
has the second sheet-supply tray 10 or the second sheet-
discharge tray 11 (each as one example of the second
common tray) common to the four recording units 50, the
bending angle of the sheet P2 does not become 90° or
more even when the sheet P2 is conveyed into between
the second sheet-supply tray 10 or the second sheet-
discharge tray 11 and each recording unit 50. Therefore,
a conveyance resistance of the sheet P2 between the
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second sheet-supply tray 10 or the second sheet-dis-
charge tray 11 and each recording unit 50 is made small,
whereby it is possible to suppress an occurrence of a
jam of the sheet P2, a stain and a damage of the sheet
P2 caused by a sliding contact with components other
than the guides that define the upstream conveyance
path 6 or the downstream conveyance path 8, and an
occurrence of image quality deterioration that arises from
floating of the sheet P2 in the recording region.
[0077] The present printer 1 has the second sheet-sup-
ply tray 10 common to the four recording units 50 and
the upstream conveyance path 6 that connects the sec-
ond sheet-supply tray 10 and each recording units 50,
thereby making it possible to suppress an occurrence of
a jam of the sheet P2 that is conveyed from the second
sheet-supply tray 10 to each recording unit 50. Further,
the present printer 1 has the second sheet-discharge tray
11 common to the four recording units 50 and the down-
stream conveyance path 8 that connects each recording
unit 50 and the second sheet-discharge tray 11, thereby
making it possible to suppress an occurrence of a jam of
the sheet P2 that is conveyed from each recording unit
50 to the second sheet-discharge tray 11.
[0078] Referring next to Fig. 13, there will be explained
a first modified embodiment. As shown in Fig. 13, the
first sheet-supply portion 3 may be disposed rightward
of all of the recording units 50, and the first sheet-dis-
charge portion 4 may be disposed leftward of all of the
recording units 50. That is, the first sheet-supply portion
3 and the first sheet-discharge portion 4 may be disposed
so as not to overlap any of the recording units 50 in the
vertical-direction view. This arrangement ensures size
reduction of the printer in the vertical direction, as in the
illustrated embodiment. In this first modified embodi-
ment, a portion of each of the upstream curved path 5
and the downstream curved path 9 that extends in the
sub scanning direction is longer, as compared with that
in the illustrated embodiment. Further, as a modified ex-
ample, the printer 1 may be configured not to have the
second sheet-supply tray 10 and the second sheet-dis-
charge tray 11, as shown in Fig. 13.
[0079] Referring next to Fig. 14, there will be explained
a second modified embodiment. As shown in Fig. 14,
another member 50a1 may be attached to an uppermost
recording unit 50a, and another member 50b1 may be
attached to a lowermost recording unit 50b. In this in-
stance, a portion of the recording unit 50a from which
another member 50a1 is removed and which is common
to other recording units 50 or a portion of the recording
unit 50b from which another member 50b1 is removed
and which is common to other recording units 50 corre-
sponds to the recording module of the present invention.
Another member 50a1 is attached to an upper portion of
the recording unit 50a. Another member 50b1 is attached
to a lower portion of the recording unit 50b. Accordingly,
the four recording units 50 are arranged in the direction
E, as in the illustrated embodiment, so that the same
advantages as in the illustrated embodiment are en-

sured. Further, the uppermost recording unit 50a and the
lowermost recording unit 50b may be switched with each
other. In this instance, two of the four recording units 50
interposed between the uppermost and lowermost re-
cording units 50 can be arranged similarly to the illustrat-
ed embodiment, contributing to size reduction of the print-
er 1.
[0080] Referring next to Figs. 15-17, there will be ex-
plained a third modified embodiment. As shown in Fig.
15, any adjacent recording units 50 may be disposed so
as to be shifted relative to each other not only in the sub
scanning direction, but also in the main scanning direc-
tion. Fig. 15 is a view of two recording units 50 as seen
in the direction orthogonal to the conveyor surface. Fig.
16 is a plan view of the recording unit shown in Fig. 15.
Fig. 17 is a certain cross-sectional view taken along line
S’-S’ in Fig. 15. Fig. 17 is a cross-sectional view of the
two recording units 50 in a plane that passes the centers
of the carriage motors 55M of the respective two record-
ing units 50 and that is orthogonal to the conveyor surface
57a and parallel to the direction E. More specifically, Fig.
17 is a cross-sectional view at a position y=y2 in Fig. 16.
In this modified embodiment, the direction x which is a
direction of projection of the direction E onto the conveyor
surface does not coincide with the sheet conveyance di-
rection D (the sub scanning direction), as shown in Fig.
16. However, where an x-axis is taken along the direction
x, a y-axis is taken along a direction orthogonal to the x-
axis in the conveyor surface, and a cross section shown
in Fig. 17 (i.e., a cross section that is along line S’-S’ in
Fig. 15 and that is in a plane orthogonal to the conveyor
surface and parallel to the x-axis) is considered, the same
explanation as that in the illustrated embodiment is es-
tablished in this cross section. That is, also in this mod-
ified embodiment, the two recording units 50 are ar-
ranged such that the dimension L3 is smaller than twice
the dimension L1, the dimension L4 is smaller than twice
the dimension L2, and the dimension L4 is larger than
the dimension L2. Accordingly, this modified embodi-
ment ensures advantages similar to those in the illustrat-
ed embodiment. In this third modified embodiment, the
direction x intersects the sheet conveyance direction D
(the sub scanning direction). Accordingly, the dimen-
sions L2, L4 in this third modified embodiment are larger
at the same ratio in the direction x than those in the illus-
trated embodiment.
[0081] Referring next to Fig. 18, there will be explained
a fourth modified embodiment. As shown in Fig. 18, the
printer of the present invention may be a printer 301 con-
figured not to have the first sheet-supply portion 3 and
the first sheet-discharge portion 4. In this instance, all of
the sheets P are supplied from the second sheet-supply
tray 10, and all of the sheets P that have been subjected
to recording in the respective recording units 50 are dis-
charged to the second sheet-discharge tray 11. This
modified embodiment ensures not only advantages sim-
ilar to those in the illustrated embodiment, but also size
reduction of the housing in the vertical direction.
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[0082] While there have been explained embodiments
of the invention, it is to be understood that the invention
is not limited to the details illustrated above but may be
embodied with various other changes without departing
from the scope of the invention defined in the attached
claims. For instance, a plurality of upstream inclined
paths 6b may be provided such that each upstream in-
clined path 6b connects the upstream first path 6a and
a corresponding one of the upstream second paths 6c.
Two adjacent recording units 50 may be disposed so as
to be shifted in a direction that is along the conveyor
surface 57a and that is other than the sub scanning di-
rection. As long as the intermediate conveyance paths 7
of respective two adjacent recording units 50 are partially
parallel relative to each other, namely, as long as at least
the recording regions of the respective two adjacent re-
cording units 50 are parallel to each other, the interme-
diate conveyance paths 7 may be inclined relative to the
horizontal direction. While the upstream inclined path 6b
and the downstream inclined path 8b are inclined at the
same angle in the illustrated embodiment, the upstream
and downstream inclined paths 6b, 8b may be inclined
at mutually different angles.
[0083] The support surface 10a of the second sheet-
supply tray 10 and the support surface 11a of the second
sheet-discharge tray 11 may be inclined relative to the
horizontal direction. As long as the sheet P2 conveyed
as described above is not bent by 90° or more at a portion
of the conveyance path between the second sheet-sup-
ply tray 10 and each recording unit 50 and at a portion
of the conveyance path between each recording unit 50
and the second sheet-discharge tray 11, the conveyance
path may be inclined at those portions in any way within
a range from larger than 90° to equal to or less than 180°.
Further, the conveyance path may be inclined at the por-
tion between the second sheet-supply tray 10 and each
recording unit 50 and the portion between each recording
unit 50 and the second sheet-discharge tray 11, such
that the sheet P2 that is conveyed is bent by 90° or more.
That is, the above-indicated angles θ1-θ4 and 06-09 may
be 90° or less.
[0084] The second sheet-supply tray 10 and the sec-
ond sheet-discharge tray 11 may be fixed to the housing
1a so as not to be pivotable thereto. The upstream cover
1a1 and the downstream cover 1a5 may be fixed to the
housing 1a such that the upstream cover 1a1 and the
downstream cover 1a5 are unopenanbe. Only one of the
second sheet-supply tray 10 and the second sheet-dis-
charge tray 11 may be provided in the printer 1. It is not
necessary for the sheet-supply mechanism 27 and the
sheet-supply mechanism 3b to have a multi-feeding pre-
ventive mechanism for separating the sheets P. That is,
each of the sheet-supply mechanism 27 and the sheet-
supply mechanism 3b may be constituted merely by the
sheet-supply roller. The sheet-supply mechanism 27
may have the same structure as the sheet-supply mech-
anism 3b or the sheet-supply mechanism 3b may have
the same structure as the sheet-supply mechanism 27.

[0085] The sheet P2 that has been supplied from the
second sheet-supply tray 10 may be discharged to the
first sheet-discharge tray 4a after printing. The sheet P1
that has been supplied from the first sheet-supply tray
3a may be discharged to the second sheet-discharge
tray 11 after printing.
[0086] The present invention is applicable to printers
having line-type heads. Further, the present invention is
applicable to facsimile machines, copying machines, and
so on, other than the printers. Moreover, the present in-
vention is applicable to recording apparatus of any type
such as a laser type and a thermal type, as long as the
recording apparatus is configured to perform image re-
cording. The recording medium is not limited to the sheets
P, but may be any recordable media.

Claims

1. A recording apparatus comprising a plurality of re-
cording modules (50) each having a conveyance
path (7) through which a recording medium is con-
veyed and a recording portion (51, 55, 60) configured
to record an image on the recording medium that is
conveyed along the conveyance path,
wherein the recording modules are identical in ex-
ternal shape,
wherein, where an imaginary plane on which the re-
cording medium is conveyed in the conveyance path
is defined as a conveyor surface (57a) and a direction
which is parallel to the conveyor surface and in which
the recording medium is conveyed in the convey-
ance path is defined as a conveyance direction, the
recording modules are disposed such that the con-
veyor surfaces of the respective recording modules
are parallel to each other and such that portions of
the respective recording modules align with each
other in a first direction which intersects the conveyor
surface and which includes a component of the con-
veyance direction, the portions having the same
shape, and
wherein, in a certain cross section that is orthogonal
to the conveyor surface and that is parallel to the first
direction, where a dimension of each recording mod-
ule in a second direction orthogonal to the conveyor
surface is L1 and a dimension of each recording
module in a third direction orthogonal to the second
direction is L2, a dimension L3, in the second direc-
tion, of two recording modules among the plurality
of recording modules that are adjacent in the first
direction is smaller than twice the dimension L1 and
a dimension L4, in the third direction, of the two re-
cording modules is smaller than twice the dimension
L2 and is larger than the dimension L2.

2. The recording apparatus according to claim 1,
wherein, where a portion of each recording module
(50) having the largest dimension in the second di-
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rection is defined as a first portion (55M, 62, 63) and
a dimension, in the second direction, of the first por-
tion is L5, a dimension L6, in the second direction,
between the conveyor surfaces (57a) of the respec-
tive two recording modules is smaller than the di-
mension L5.

3. The recording apparatus according to claim 1 or 2,
further comprising a connection path (6, 8) that is
connected to the conveyance path (7) of each of the
recording modules (50) for conveying the recording
medium,
wherein the connection path includes an inclined
path (6a, 8b) that extends in the first direction.

4. The recording apparatus according to claim 3, further
comprising a housing (1a) in which the recording
modules (50) and the connection path (6, 8) are ac-
commodated,
wherein an opposing portion of the housing has an
outer surface (1a1a, 1a1b) that extends in the first
direction, the opposing portion being a portion of the
housing that is opposed to the inclined path (6a, 8b)
in the conveyance direction.

5. The recording apparatus according to claim 4, further
comprising a first common tray (3a, 4a) connected
to the connection path (6, 8) and having a support
surface (3a1, 4a1) for supporting the recording me-
dium,
wherein the recording modules (50) are disposed
such that a shift amount, in the conveyance direction,
of one of the recording modules from a connection
point of the first common tray and the connection
path is larger than that of another one of the recording
modules that is located nearer to the first common
tray than the one of the recording modules in the first
direction.

6. The recording apparatus according to claim 5,
wherein the recording modules (50) are located at
the same position in a fourth direction orthogonal to
the second direction and the conveyance direction.

7. The recording apparatus according to claim 6,
wherein the first common tray (3a, 4a) and the re-
cording modules (50) have respective portions that
are located at the same position in the conveyance
direction.

8. The recording apparatus according to claim 6 or 7,
wherein the first common tray is a supply tray (3a)
for supporting the recording medium to be supplied
to the connection path (6).

9. The recording apparatus according to claim 6 or 7,
wherein the first common tray is a discharge tray (4a)
for supporting the recording medium conveyed from

the connection path (8).

10. The recording apparatus according to any one of
claims 4-9, further comprising a second common tray
(10, 11) connected to the connection path (6, 8) and
having a support surface (10a, 11a) for supporting
the recording medium,
wherein an angle formed by any continuous two path
portions (6a, 6b, 6c, 8a, 8b, 8c) in the connection
path, an angle formed by the connection path and
the support surface of the second common tray, and
an angle formed by the connection path and the con-
veyance path (7) of each of the recording modules
(50) are made larger than 90° and are not larger than
180°, such that a maximum bending angle of the
recording medium that is conveyed between the sec-
ond common tray and each of the recording modules
is less than 90°.
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